Hydrotaea aenescens (Wiedemann), the black dump fly, is a potential biological control agent originally from the western hemisphere, now found in many parts of the Palearctic region except for the United Kingdom, where it cannot be imported for any reason. A complication of classical biological control is the problem of strain identification, as one must be able to somehow mark or follow a particular strain that has been introduced into the field or is contemplated for release. Gas chromatographic analysis of the surface hydrocarbons of pooled and individual dump fly adults resulted in reproducible hydrocarbon patterns that differentiated widely distributed strains of H. aenescens and showed similarities between strains that were related. Sexual dimorphism was observed in the surface hydrocarbons. Conspecific similarities included identities of the hydrocarbons found in colony material collected worldwide, with differences being found in the quantities of compounds present. Arch. Insect Biochem. Physiol. 48:167-178,
INTRODUCTION
The black dump fly, Hydrotaea aenescens (Wiedemann), is native to North and South America, and has been used extensively for biological control of house flies, Musca domestica L., in the United States and in various parts of Europe since its introduction in the Palearctic region in the 1970s (Nolan and Kissam, 1985 , Ribbeck et al., 1987 , Betke et al., 1991 , Turner and Carter, 1990 , Turner et al., 1992 . Its utility for biological control is under active investigation in Florida, where the species is indigenous, but rarely occurs in large numbers (Hogsette and Jacobs, 1999) . One advantage of this species as an effective biological control agent is that after establishment in the manure, its larvae destroy house fly larvae effectively, often eliminating this host entirely, probably aided by niche competition in the manure (Hogsette and Jacobs, 1999) . Unlike house flies, dump fly adults tend to stay inside the animal-rearing facilities (Nolan and Kissam, 1987) and do not become pests by gathering in large numbers on the animals, workers (Betke et al., 1991) , or on nearby houses and cars (Hogsette and Jacobs, 1999) . H. aenescens has been colonized in Florida (Hogsette and Washington, 1995) , and was released in large numbers at several poultry-rearing facilities for the purpose of controlling populations of house flies. However, recent trials have been confounded by adults absconding from the release site (a pullet farm), and becoming established at a nearby caged-layer farm where no dump flies had been released previously (Hogsette and Jacobs, 1999) . Tracing the released dump flies is difficult because no known useful chemical markers, such as rubidium or strontium, can be detected after passing through several generations. Strains of organisms intended for use in biological control efforts are often difficult to identify unless extensive characterization using molecular techniques has been completed. No molecular markers nor visible genetic markers are available for H. aenescens to confirm the identities of material in culture, despite the pervasive problem of accidental mixing of cultures among biological control agents.
Dried, intact, or freshly frozen insects may be extracted with organic solvent to obtain waterproofing lipids for chemical analysis. Chemical analysis of a class of these compounds, such as the cuticular hydrocarbons, often yields consistent qualitative and quantitative data showing similarity among the same species and/or sex. Differences in patterns may be seen between closely related or sibling species , and sometimes between races (Carlson, 1988a) . Detailed composition of the easily obtained cuticular hydrocarbons may serve as an additional tool for taxonomic classification (Carlson, 1988b) . These data may be examined using simple peak ratios (Carlson and Service, 1980) , or some of the four major types of pattern recognition methodology: mapping and display, clustering, discriminant analysis Carlson, 1987, Lavine et al., 1988) , and principal components modeling (Sutton and Carlson, 1993) .
Previous studies have clearly established the utility of using hydrocarbon patterns for separations between widely or closely related species of insects with subsequent use of gas chromatography and GC-MS to confirm the identities of compounds detected. Insects studied include Blattella germanica and closely related species (Carlson and Brenner, 1988, Brenner et al., 1993) , 26 species and sub-species of tsetse flies (Carlson et al., 1993, Sutton and Carlson, 1997a) , and tabanids (Sutton and Carlson, 1997b) . Unfortunately, there was only one useful set of museum specimens of H. aenescens found at the Florida State Collection of Arthropods, as the only other specimens were in a collection from the 1950s and these flies had been dipped in solvent, probably xylene (B.D. Sutton, personal communication). The hypothesis is that different populations of the species will have sufficiently different hydrocarbon compositions so that they may be classified by multivariate statistical treatment, thus allowing a gas chromatographic protocol to be used to assign individual flies to a particular population. Therefore, we examined cuticular hydrocarbon patterns (CHP) of H. aenescens from laboratory colonies and from local study sites where flies had been released, and from additional locations where flies had become established unaided under unknown circumstances. Our point was to determine if flies reared for release could be distinguished from feral populations of unknown origin. For purposes of comparison, specimens were obtained from several worldwide locations to determine the utility of CHP for comparison of populations.
MATERIALS AND METHODS Biological Specimens
Specimens from our laboratory were removed from colony cages at specific ages, frozen, then separated by sex, and held frozen until utilized in tests. Specimens from a colony in Hungary (collected in Balbona) and a poultry farm in Chile (collected near la Cruz) were held as larvae, and adults were allowed to emerge from pupae held in individual vials; adults died in the vials and were frozen. Adult specimens from a colony in Denmark (collected at Lyngby) were shipped dry. Wild Florida specimens were collected at a large commercial poultry operation, Farm 84 (near Zephyrhills, Pasco County). Gainesville Released specimens were recovered from the field release location one week after release. Pooled and individual specimens were extracted in hexane for 5 min. Dried pinned museum specimens (wild Pensacola) were extracted by removing the labels, then washing the pin with hexane before submerging the pin and specimen in hexane. Specimens have been or will be vouchered at the Florida State Collection of Arthropods, Gainesville. The origin of each group is indicated in Tables 1-5.
Extracts of cuticular hydrocarbons were further separated on silver nitrate impregnated silica gel to yield fractions containing alkanes and alkenes. The alkene fraction was derivatized by dimethyl disulfide (DMDS) (Francis and Veland, 1981, Carlson et al., 1989) .
Chemical Analysis
The hydrocarbons were isolated from extracted cuticular components using silica gel minicolumns (50 × 6 mm) and collecting the first hexane fraction as previously described (Carlson et al., 1984, Carlson and Brenner, 1988) . Analysis of cuticular hydrocarbons involved separation and quantitation of eluents by gas chromatography utilizing a fused-silica capillary column (J&W, 30 m × 0.32 mm ID, 0.2 µm DB-1 stationary phase) fitted to a Hewlett-Packard Model 6890 gas chromatograph, utilizing a cool on-column injector and flame-ionization detector. Hydrogen carrier gas was used at a linear velocity of 40 cm/sec. Each sample was re-constituted as necessary in 20 µl of hexane and 1 to 2 µl injected at 60°C. Each chromatographic run was temperature-programmed as follows: hold for 2 min (60°C), ramp 20°C/min (60 to 230°C), ramp 2°C/ min to 320°C, and hold at 320°C to elute all components (10 min). A PC-based data system, Turbochrom 4 (Perkin-Elmer, MA), was used for data recording and quantification, with manual integration of some small peaks, but with some small peaks below 0.02% not included.
Mass spectra (EI) were obtained using a Hewlett-Packard 5988A MS interfaced to a HP 5890 gas chromatograph fitted with an OCI-3 injector. The chromatographic parameters were as above, except the oven temperature ramp consisted of a 2-min hold (60°C), ramp 10°C/min (60 to 220°C), ramp 3°C/min to 310°C, and held at 310°C to elute all components (approximately 15 min). The MS interface was maintained at 310°C, electron voltage at 70 eV, and the system parameters manually optimized in order to enhance the EI spectra in the critical region of 200 to 500 m/ z. The mass spectral scan range extended from m/z 35 to m/z 700 with a scan rate of 0.75 scan per second. MS scans were manually background subtracted prior to interpretation. Kovat's Retention Indices (KI) were determined by co-injection with normal hydrocarbon standards of 20 to 36 carbons, plus 15, 19, . The assignment of KI narrows the range of possible methyl-branch configurations in cases of ambiguous or insufficient EI spectra (Carlson et al., 1998) . The identification of cuticular methylalkane components based upon EI mass spectra followed the interpretations established previously (Carlson et al., 1984; Nelson and Sukkestad, 1970; Nelson and Carlson, 1986; Nelson et al., 1976 Nelson et al., , 1984 Nelson et al., , 1988 .
Discriminant Analysis
Discriminant analysis utilized linear, quadratic, and kernel density models with brute-force optimization of model parameters using the jackknifed classification error as the decision criteria using the SAS System, version 6.01 (SAS Institute, Cary, NC). The peaks selected for analysis included the predominant isomers of the three dominating homologous series: n-alkanes, monomethylalkanes, and dimethylalkanes. The baseline for each peak was manually allocated prior to software integration using a predetermined protocol to provide maximum consistency. The individual peak area was expressed as a percentage of the total peak area. Peak subsets were also evaluated as part of the discriminant model optimization (Systat, version 9) (SYSTAT Inc., Evanston, IL).
RESULTS

GC Analyses
Gas chromatographic analysis of all samples showed several structural series of hydrocarbons from 17 to 37 carbons, in which up to 21 of the largest peaks were numbered for all samples and adjusted to 100%. Compounds quantified for these tables included four series: n-alkanes, methyl branched alkanes, dimethyl branched alkanes, and alkenes (Tables 1-3 ). 15-positions for the larger odd-backbone alkanes at C27, C29, C31, C33, C35, and C37. There were much smaller amounts (less than 0.1%) of 9-, 7-, 5-, 3-, and 2-methyl alkanes and even-backboned alkanes with methyl branching corresponding to those of the major components that were omitted from the results of GC analyses found in Tables 1-3 . These same internally branched components were present but in much reduced quantities in corresponding males as can be seen in the Gainesville and Hungary flies for KI 3335 and KI 3535, identified as monomethyl branched alkanes (Table 4 ). The unsaturated hydrocarbons from these flies were of the (Z)-configuration as shown by argentation TLC and comparison with (Z)-9-tricosene standard. Nearly all unsaturated hydrocarbons were shown to be 9-alkenes by DMDS derivatization and GC-MS, with all males showing a predominant (Z)-9-C29:1 peak (eluting at KI 2870) as the largest hydrocarbon, with notation as shown in Table 4 . Specifically, Florida 1978 males (Pensacola) included the following major alkenes: (Z)-9-C25:1 (KI 2470), (Z)-9-C29:1 (KI 2870), with lesser amounts of (Z)-9-C27:1 (KI 2670), (Z)-9-and 8-C26:1 (KI 2570), (Z)-9-C31:1 (KI 3070), (Z)-9-C33:1 (KI 3270) and trace amounts of (9,x-) dienes that appeared to be (Z,Z)-9,18-C25:2, 9,18-C27:2, 9,18-C29:2, and 9,18-C31:2. These dienes are expected to be (Z,Z)-dienes (Bartelt et al., 1982) but no further characterization was attempted. The unsaturated hydrocarbons from corresponding Pensacola females included major amounts of (Z)-9-C29:1 (KI 2870) and (Z)-9-C31:1 (KI 3070) and smaller amounts of the same alkenes. Wild Florida males (1996, Farm 84) showed a major alkene peak at (Z)-9-C29:1 (KI 2870) and large amounts of (Z)-9-C25:1 (KI 2470), (Z)-9-C27:1 (KI 2670), and (Z)-9-C31:1 (KI 3070). Corresponding wild Florida females (1996, Farm 84) showed nearly equal quantities of the same alkenes but with the addition of (Z)-alkenes at (Z)-9-C23:1 (KI 2270), (Z)-9-C24:1 (KI 2370), and (Z)-9-C35:1 (KI 3470). Wild Florida females (1996) were similar and showed nearly equal quantities of these alkenes again with the addition of small amounts of (Z)-alkenes at (Z)-9-C23:1 (KI 2270), (Z)-9-C24:1 (KI 2370), and (Z)-9-C35:1 (KI 3470). A transition from 3-methylene interrupted dimethylalkanes (e.g. 11,15-Me 2 C 25 ) to 11-methylene interrupted dimethylalkanes (e.g., 11,21-Me 2 C 33 ) occurs at C31, where both 3-and 11-methylene inter-rupted dimethylalkanes are present. Dimethylalkanes of both 3-and 11-methylene interruptions are present at C31; normally, only one interruption pattern is seen for a particular chain length, such as the transition from 3-methylene interruptions at C34, to 11-methylene interruptions at C35 in Musca domestica (Nelson et al. 1981) . The identities of 55 peaks detected in GC-MS analysis of these flies are presented in Table 4 .
Mass Spectra
Aged Flies Study
Hydrocarbons from Gainesville males and females were analyzed as individual samples (Table 1) . Changes seen with age included the following trends comparing percent composition after the first day: in males several of the larger alkane components stayed about the same (KI 2500, 2700, 2900) and others about doubled with the alkenes gaining most (KI 2370 (KI , 2470 (KI , 2670 . One alkane declined by about half with the higher alkenes declining even more (KI 2700, 3070, 3270) . In females, several of the larger alkane peaks stayed nearly constant (KI 2500, 2700), some gained dramatically (KI 2300 . The increasing and decreasing trends generally appeared to continue from the quantities found on day one. As it is difficult to describe the composition of an "average" fly other than by averaging, all of these data were employed for the discriminant analysis presented below. 
Comparison of Patterns in Hydrocarbons from Females
In order to display consistency of hydrocarbon components, the CHP of 5 groups of females are compared (Fig. 2) . Consistent results were seen in patterns from Gainesville (4 plus 8d), Hungary (4 plus 8d), and Chile females in which 10 peaks were consistently present in about the same proportions in females except for KI 3270 in Gainesville females. These ten peaks were chosen because they were much larger in females than in males for all 10 peaks except KI 2270 in Hungary (4d) , and KI 2270 and KI 3270 in Chile females, in which these peaks were small and equal in both sexes ( Table 2 ). The comparison of the same 10 peaks of this group of three suggested less similarity with both Gainesville Released females (smaller alkane peak at KI 2300 and smaller alkene peaks at KI 2270 and KI 3470) and Pensacola females (smaller alkene peaks at KI 2270 and KI 3270). The CHP of these 10 peaks showed little sexual dimorphism compared to males (Table 2) . Results from other CHP sets of 4d Zephyrhills females showed the same trends, as 9 of 10 peaks were larger in females than in corresponding males except for the KI 2900 peak, and the 8-d females had 8 of 10 larger with KI 2100 and KI 2270 nearly the same intensity (Table 3 ). The CHP from both 4-and 8-d Denmark females showed 10 of 10 peaks larger than in males. In Zephyrhills and Denmark males, three alkene peaks (KI 2470 (KI , 2670 (KI , and 2870 were consistently larger than in corresponding females (Table 3) .
Discriminant Analysis
The results of the three-way linear discriminant model for all ages of the Gainesville laboratory (Table 1 ) and all ages of the Hungary flies and Gainesville Released flies using 22 peaks (Table 2) showed that the three samples had jackknifed classification scores of 100% (Gainesville Colony), 96% (Hungary), and 93% (Gainesville Released) (Table 5 ). For both the Hungary and Released samples, misclassified individuals (n = 1 and 2, respectively) were classified as Gainesville. No Gainesville or Released individuals were classified as Hungary. This analysis used data from all ages of flies and therefore ignored sexual dimorphism in hydrocarbon patterns and changes with age. The canonical scores plot (Fig. 3) shows the 95% ellipsoids to be disjoint and well sepa- 
DISCUSSION
Multivariate methods were used as a standalone comparison of the data here, since these methods are regularly used for pattern recognition. The peaks used for MDS were identified by KI numbers as a convenient shorthand, since no behavioral element is assigned to them, and their identities are provided in Tables 1-5 for comparison.
We conclude that CHPs were consistent among the colony flies of known ages, with dimorphism becoming more pronounced with age, as shown in results from older females and males. CHPs showed sexual dimorphism at 4 to 8 days that was shown to be remarkably consistent among Gainesville, Zephyrhills, Hungary, Chile, and Denmark females. The Pensacola and Gainesville Released flies were of unknown ages, and maybe young, when the CHP dimorphism is less pronounced. Compared with corresponding females, 4 alkenes were observed as large or major peaks that were consistently larger in males, including KI 2470, 2670, 2870, and usually 3070, for older Gainesville (8d), Zephyrhills, all Hungary and Chile males. In the Gainesville Released flies, these peaks were present, but there were essentially no differences in the composition of these male-dominant alkenes between the sexes, suggesting that the flies were recaptured when very young.
The Gainesville Released flies had been in culture for at least 5 years prior to release, but were expected to become established at the apparently satisfactory release site. However, because they did not, for unknown reasons, become established, there were no adults or larvae produced from this site for comparative chemical analysis. We used the colony specimens retained at that time to represent the specimens released. Because H. aenescens was released at the pullet farm in such large numbers (>2 million) over a 14-month period, it seems reasonable to assume that their offspring were the same flies that became established nearby (within 300 meters) at a similar type of poultry production facility. This was an unexpected circumstance, because no dump flies had been observed or collected at the second location before the releases began (Hogsette and Jacobs, 1999). Sexual dimorphism was evident in CHP of H. aenescens, with the male CHP being simpler in each instance. It was encouraging to observe that siblings of a particular strain retained very nearly the same CHP regardless of origin and the patterns were reproduceable. We have investigated and described the effects of age up to 8 days on fresh specimens; however, the possible effect of age on museum specimens is not known. The effects of rearing conditions upon the composition of hydrocarbons are not known, although the hydrocarbons described here are the result of biosynthesis by the insects, since these materials are unlikely to be present in their rearing media.
Storage of samples as crude extracts, or as chromatographically purified alkanes had no effect on the results. After solvent-free dried samples were stored for one year at room temperature, some samples were re-analyzed and virtually the same chromatograms were obtained. Thus, samples such as those described here are not obviously affected by age or reasonable condition of storage. It is preferable to dry and store specimens in covered glass containers, or frozen in glass vials although Eppendorf tubes did not give false artifacts. This technique can give rapid results with dried material, perhaps allowing advantages over a species-diagnostic genetic marker RAPD-PCR technique, which in any case is not available for this insect.
The Multi-Dimensional Scaling and discriminant analysis results were not consistent with the assumption that the flies captured at the new site were of the same strain as the released flies. It is possible, if unlikely, that the flies sampled from the new site, a poultry-rearing facility, originated from a source other than those released, i.e., wild progenitors. Alternatively, there may have been a shift in CHP associated with the release of the colony flies into a radically different environment compounded, perhaps, by a founder effect. The captured flies did not exhibit the same degree of sexual dimorphism as seen in the laboratoryreared flies. This could be the result of sampling a single age class of recently eclosed adults; however, the lack of any overlap between the clusters of laboratory and captured flies suggests that age bias is not in itself sufficient to explain the results. The phenomenon of development of sexual dimorphisn in CHP has been observed previously in house flies, in which (Z)-9-C23:1 (the sex pheromone (Z)-9-tricosene) is small or undetectable in females of some wild strains, but is prominent or becomes the major peak in some wild strains and in virtually all colonized house flies (Adler et al., 1984, D.A. Carlson, unpublished data) . Curiously, we found that (Z)-9-C25:1 is a major component in dump flies, apparently due to different chain-length specificity of elongation enzymes compared to other muscid flies such as house flies, which have very little of this alkene.
